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I. INTRODUCTION 

During the period 1 April - 30 June 1967 re6earch on solar electric 

space missions concentrated in  the following areas 

(1) continuing developmen of Gordon 1 - 2, heliocentric o p t h i -  

zation program, and Item, n-body integration program. 

(2) production runs on the Jupi te r  flyby solar  electric mission 

using Gordon 1. 

Dr. C, N. Gordon, who has been chiefly responsible for the 

development of Gordon 1, has left Princeton to return to England. Work on 

the program (which is dose to completion) is being continued by George 

Hazelrigg, assisted by Mrs.  Alexandra Schuleycki. Mr. Hazelrigg has 

made sufficient modifications to the program that it w i l l  be referred to a6 

Gordon 2, 

Mr. A. E, MFUer, programmer, is leaving as of 31 July. 

The production runs on Gordon I have been accomplished by Mrs.  

Schulzycki. Mr. John CampbeU of AMA is responrible for the development 

of ITEM. 

fx. SPACEFLIGHT TRAJECTORY ANALYSIS 
The emphasis in  this program during this period has been on con- 

tinuing development of Gordon and ITEM programs. 

A. CTordon2. 

George Hazelrigg is continuing the development of the Gordon pro- 

gram. He has made sufficient modifications that the program is now 

referred to as Gordon 2. It is expected that th is  program will be complete 

by the end of July, 

ModJfications to Gordon 1, resulting in the Gordon 2 program, 

include: 

(1) Extension of the booster subroutine to include additional launch 

vehiden. This subroutine ha8 been rewritten $a a form which permits eaay 

addition of new launch vohiclem. Iir delidon to the SLVSCl Centaur, the 



4. 

SIB/ Centaur, Titan IIIC (1207) and Titan mC/ Centaur vehicles are presently 

in the subroutine and a selection i s  made by specifying the appropriate 

number for the input variable NBSTR. 

(2) Provision to optimize the magnitude of the hyperbolic velocity 0 

Gordon 2 now ha8 the capability to determine, for a given launch vehicle 

the hyperbolic velocity which maximizer the payload. The optimization is 

based OA the necessary condition 

dm P 1 +  Y t  
- a w  - 

0 dvh 
a m  

mfV+ Y$ - Y. Yt g 

where 

P 

o 

magnitude of primer vecbr  at launch 

= final value of l a g r a g a  multipliar arrocirtod witla marl 

tankage factor 

= s t ruc ture  factor 
Yt 

ys  
m - powerplant mass 

m finalmalrs 

The derivative dm 

dvh 

8 

f 
is a function of the launch vehicle. - 

(3) Provision for a finite hyperbolic velocity at the arrival planet. 

The magnitude of the hyperbolic velocity at the destination may be specified 

and its direction may be either specified or  optimized. 

applicabh to the problems of a planetary flyby with a constrained velocity 

and of a high thrust capture maneuver at the destination, 

The 801UtiOn is 

(4) Improved integration. The integration has been impsoved from 

eecond order  to fourth order in the predictor-corrector rrcheme. In addition, 

proviaion has been made to allow more accurate correctbne in the corrector 

p a r t  of the integradon routine. The reeult ha8 been quicker and more 

uniform convergence, particularly for long missions to the outer planets, 

(5) Improved iteration. The iteration routines of Gordon 1 were 

improved for greater rtability through the Anclurion of an automatic 
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correction limiter. The present routine ia,  for many miesions, eufficiently 

powerful to obtain converged trajectories from any reasonable initial guesser 

(for example, 0.5 for al l  adjoint variables) thus eliminating the necessity for 

elaborate methods of obtaining accurate initial guesses. 

I 

I 

I (6 )  Improved SOLAR eubroutine. Subroutine SOLAR i u  used to 

compute the power output of a eolar-electric a r r a y  ail a function of heliocentric 

radium. Prerently employed {from Gordon 1) i e  a power rer ier  representation 

accurate for 0,5 R 2 10 AU, A new expreseion 

has been added which i s  not au acuurate ae the power reries within the 

appropriate range, but doea provide the necessary accuracy for  R > 10 

required to perform mission analyses to the outer planets, 

The status of the Gordon 2 program can be summaxisted as follows: 

it is a working program which has been checked over a reasonable range of 

d s s i o n b ,  The program has bean given to repreeentativer at NASA MSFC 
and m R 1  for trial usage and evduation. 

B. ITEM 

Mr. John Campbell of AMA has been in charge of the Princeton 

vereion of the XTEM program. The principle effort during this period has 

been the adaption of a new and more accurate ephemeris tape ( JPL Develop- 

ment Ephemeris 19). 
This ephemeris has been converted to the 360 and routines for its 

use have been incorporated into the 360 ITEM program. 

Sun, all  planets through Pluto, and the Earth' s moon from 1970 through 

1999 have been incJuded, 

The data fer the 

Au program8 are being converted to the IBM 3601 50 s b c 8  the 7044 

and porsibly, 7094 w i l l  leave during the comhg academic year. 



III. SOLAR ELECTRIC MISSION ANALYSJS 

The main effort in mission analysis during the period 1 April - 30 
June has been the further stpdy of the Jupiter flyby mission. It w i l l  be 

recalled (Ref. 1) that the pajectories computed optimized power level, 

jet velocity and hyperbolic excess velocity (C ) as well as thrust program. 

Vehicle characteristics used were prescribed by JPL. During this period 

parameters were systematically varied to determine the effect upon the net 

mass at Jupiter. 

3 

Figure 1 shows the variation of net mass versus C for a number of 3 
flight times. In this case the optimum is quite flat. Figure 2 shows the 

effect on net mass of an improvement in  powerplant specific mass over a 

range of flight times, The original trajectories were computed using a SI 
,03 K g l w  . The effect of a reduction to a R .027 and .024 is shown, For 

this plot, trajectories were reoptimized using the new value of &. Over the 

range investigated the effect on net mass is for practical purposes8 linear 

with a, independent of flight time. Figure 3 shows the effect of an improve- 

ment in  overall engine efficiency over a range of flight times. For this / 

plot, the vs V curve, originally provided by JPL, was shifted upward "' 

by 10% and 2070. The trajectories were then re-optimized. Again the 

improvement appears to be relatively independent of fIight time. All  of these 

results were computed for Mode 1 (direct) trajectories to Jupiter. 

J 

To d e t e r d n e  the effect upon net mass of variations in power level, 

jet  velocity, and byperbolic excess velocity (C,) two example trajectories 

were chosen. The first of these is a Mode 1, 600 day flight with net mass 

of about 181 Kg. A plot of a similar direct trajectory is shown in Fig. 4 

and the trajcctory profile is shown in Fig. 5. Sensitivity of net mass to 

three optimized parameters ir  shown in Fig. 6.  Optimization with respect 

to power i o  especially sharp. 

- 

The other trajectory chosen for study was a Mode 3, 900 day flight 

with net mase of about 355 Kg. A plot of a similar trajectory is shown in 
Fig, 7 and the trajectory profile in Fig. 8. Senritivity of the net maer to 
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P, VJ, and V H  i s  shown in Fig. 9. Again, the optimum power level i s  quite 

sensitive. 
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